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摘 要 
农药和兽药在种植业和养殖业的发展中起着至关重要的作用。当前我国农药、
兽药种类多、生产量大、使用范围广，使用后会通过多种途径进入水环境，威胁
到饮用水安全和人类的健康。农药兽药在水源水中的复合污染状况、传统自来水
处理工艺各环节中的去除规律和作用机理值得关注。 
本研究选择常用的 40 类 280 种农药和 17 类 100 种兽药作为目标物，应用液
液萃取/固相萃取前处理方法结合色谱-串联质谱分析技术，对福建省厦门市的 2
座代表性工艺的自来水厂各环节出水（原水、沉淀后出水、过滤后出水和消毒后
出厂水）中的农药兽药进行了两年的连续监测，系统地分析了水原水中农药兽药
复合污染特征、水处理工艺各环节对检出农药兽药去除情况；对可能影响农药兽
药去除效果的关键工艺环节进行了去除机理研究，并对出厂水中检出频率较高的
目标物进行了饮用水健康风险评价。主要研究结果如下： 
1. 农药兽药的复合污染及其在水处理工艺中的去除状况 
原水中主要检出了磺胺类、氯霉素类、大环内酯类等 11 种抗生素（检出浓
度为 0.15~83.12 ng/L）和有机磷类、氨基甲酸酯类、唑类、烟碱类等 13 种农药
（检出浓度为 0.11~33.10 ng/L），复合污染呈现出丰水期>枯水期>平水期的季节
性特征。 
经水处理工艺处理后，出厂水中主要检出 8 种抗生素（检出浓度为 ND~40.41 
ng/L）和 13 种农药（检出浓度为 ND~21.01 ng/L）；现有水处理工艺去除了
47.44%~100%的检出目标物，对抗生素的去除效果优于农药；去除效率方面呈现
出磺胺类>氯霉素类>大环内酯类、氨基甲酸酯类>唑类>有机磷类>烟碱类；不同
环节对农药、抗生素的去除贡献率也存在差异，整体表现为混凝沉淀环节>消毒
环节>过滤环节；部分目标物在个别处理环节甚至出现了浓度不降反升的现象。 
2. 传统水处理工艺对农药兽药复合污染的去除机理研究 
混凝沉淀环节，除氟甲砜霉素外，混凝剂投加量对提高目标物的去除效率有
一定的促进作用，去除兽药的混凝剂最佳投加量为 16.0 mg，去除农药的混凝剂
最佳投加量为 12.0 mg。喹诺酮类抗生素、林可霉素去除效果最明显，农药的混
凝去除效应差异性较大。 
厦
门
大
学
博
硕
士
论
文
摘
要
库
摘 要 
 
II 
 
过滤环节，石英砂滤料对目标物的吸附去除效应主要存在以下 3 种趋势：（1）
石英砂对目标物未达到饱和，一直处于吸附状态，目标物浓度持续降低；（2）石
英砂对目标物的吸附达到饱和后，目标物浓度基本不变，吸附去除效率降低；（3）
石英砂对目标物的吸附达到饱和后，出现再释放导致浓度不降反升的现象； 
消毒环节，随着目标物同余氯作用时间的延长，余氯对目标物的去除效率增
加，但不同目标物与消毒剂的反应活性和反应速率存在差异，去除效果不尽相同。 
3. 出厂水中农药兽药残留的初步健康风险评价 
对出厂水中农药兽药的健康风险进行了初步评价，结果表明：出厂水中农药
和兽药的健康风险指数数量级在 10-2~10-9 之间，均远远小于 1，表明目前出厂水
中的农药兽药残留水平不会对人体健康产生影响。农药的健康风险指数呈现出枯
水期>丰水期>平水期的季节性特征。各检出目标物中，丁草胺对儿童的健康风险
指数相对较高，可达 10-2 数量级，值得关注。 
 
关键词：农药；兽药；自来水处理工艺；去除效率；去除贡献率；健康风险评价 
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Abstract 
Currently, pesticides and veterinary drugs are playing crucial roles in development 
of plantation and breeding industry in China. Highly yielded, widely used pesticides 
and veterinary drugs keep entering aquatic environment through various pathways, and 
threatening drinking water safety and human health. The combined pollution status of 
pesticides and veterinary drugs, their removal efficiency by water treatment process and 
health risk should be of great concern, which make poeple pay more attention to the 
removal of trace organic pollutants by traditional water treatment process.  
In this research, 280 kinds of commonly used pesticides of 40 categories and 100 
kinds of commonly used veterinary drugs of 17 categories as target compounds, 
determination methods using LLE/SPE followed by GC-MS/MS and UPLC-MS/MS 
were applied to monitoring the combined pollution in water samples from different 
treatment steps (raw water, water after sedimentation, water after filtration and finished 
water) of two tap water plants in Xiamen city, where two traditional tap water treatment 
pocesses are running. The seasonal pollution characteristics, removal efficiency and 
mechanism, preliminary health risk assessment. The main results are as the following: 
1. Combined pollution and removal of pesticides and veterinary drugs in water treatment 
process 
11 antibiotics of sulfonamides, chloramphenicols, macrolides and 13 pesticides of 
organophosphates, carbamates, azoles, neonicotinoids were frequently detected in raw 
water with concentration 0.15~83.12 ng/L for antibiotics and 0.11~33.10 ng/L for 
pesticides respectively. Seasonal combined pollution characteristics of detected 
pesticides and veterinary drugs in raw water were observed as rainy season> dry season > 
normal season.  
8 antibiotics (ND~40.41 ng/L) and 13 pesticides (ND~21.01 ng/L) were detected 
in finished water through water treatment process.The overall removal efficiency were 
calculated as approximately 47.44%~100% of the detected pollutants by water 
treatment process. Antibiotics were much more easily removed than pesticides.The 
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residual concentration of detected pollutants in each step gradually decreased through 
treatment progress with the trends of sulfonamides > chloramphenicols > macrolides 
for antibiotics and carbamates > azoles > organophosphorus > neonicotinoids for 
pesticides. Removal contribution of each step were different for pesticides and 
antibiotics, and an overall trend of coagulation > disinfection > filtration was observed.  
Concentration of some target compounds got increased instead of decreased after 
treated by some treatment step. 
2. Study on removal efficiency and mechanism of pesticides and veterinary drugs 
in traditional water treatment process 
In coagulation step, the removal efficiency increased with the coagulant dosage 
increased, except for florfenicol. The optimum coagulant dosage is 16.0 mg for 
veterinary drugs and 12.0 mg for most pesticides. The removal efficiency of quinolones 
and lincomycin in this step were higher, but much more complexed for different 
pesticides. 
In filtration step, the adsorptive effect of targets by quartz sand mainly showed 3 
trends, (1) concentration of target compounds decreased due to unsaturated adsoption 
by quartz sand. (2) concentration of target compounds kept stable due to almost 
saturated adsorption. (3) concentration of target compounds increased due to the 
saturation and release of target compounds adsorpted to quartz sand. 
In disinfection step, the removal efficiency of targets increased with the prolonging 
of chlorination reaction time. But the removal efficiency were different for different 
targets under different reaction duration 
3. Preliminary health risk assessment of detected pesticides and veterinary drugs 
residues in finished water 
 The health risk of detected pesticides and veterinary drugs in finished water was 
preliminarily assessed. Results showed that detected pesticides and veterinary drugs in 
finished water would not be harmful to human health due to low health risk index 
between 10-2~10-9. The health risk index of pesticides showed seasonal variation of dry 
season > rainy season > normal season. Among detected pollutants, butachlor was 
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